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A B S T R A C T

Purpose
Biliary cancers overexpress epidermal growth factor receptor (EGFR), and angiogenesis has been
correlated with poor outcome. Erlotinib, an EGFR tyrosine kinase inhibitor, and bevacizumab, a
vascular endothelial growth factor (VEGF) inhibitor have each been shown to have activity in biliary
cancer. The primary objective of this study was to evaluate the response rate by Response
Evaluation Criteria in Solid Tumors (RECIST). Secondary end points included overall survival (OS),
time to progression (TTP), VEGF levels, and molecular studies of EGFR and k-ras.

Patients and Methods
Eligible patients had advanced cholangiocarcinoma or gallbladder cancer. Patients were treated
with bevacizumab 5 mg/kg intravenously on days 1 and 15 and erlotinib 150 mg by mouth daily on
days 1 through 28. Responses were evaluated by RECIST. VEGF levels were collected, and
samples were analyzed for EGFR mutation by polymerase chain reaction.

Results
Fifty-three eligible patients were enrolled at eight sites. Of 49 evaluable patients, six (12%; 95% CI, 6%
to 27%) had a confirmed partial response. Stable disease was documented in another 25 patients
(51%). Rash was the most common grade 3 toxicity. Four patients had grade 4 toxicities. Median OS
was 9.9 months, and TTP was 4.4 months. Low repeats (� 16) in EGFR intron 1 polymorphism and
G�G k-ras Q38 genotype (wild type) were associated with improved outcomes.

Conclusion
Combination chemotherapy with bevacizumab and erlotinib showed clinical activity with infre-
quent grade 3 and 4 adverse effects in patients with advanced biliary cancers. On the basis of
preliminary molecular analysis, presence of a k-ras mutation may alter erlotinib efficacy. The
combination of bevacizumab and erlotinib may be a therapeutic alternative in patients with
advanced biliary cancer.

J Clin Oncol 28:3491-3497. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Biliary tract carcinoma is a rare but highly lethal
malignancy. Estimated incidence of bile duct and
gallbladder cancer approached 10,000 cases in
2009, with nearly 3,400 estimated deaths.1 Me-
dian age at presentation is 65 years. Risk factors
for gallbladder cancer include gallstones, chole-
dochal cysts, porcelain gallbladder, and adenoma-
tous gallbladder polyps, along with obesity and
female sex. For bile duct cancer, cholelithiasis,
choledochal cysts, primary sclerosing cholangitis,
ulcerative colitis, and parasitic infections (Clonorchis
sinensis, Opisthorcis viverrini) are the most often
cited risk factors.2,3

Only one fourth to one third of patients are
eligible for potentially curative surgery; even among
patients treated surgically, relapse rates are high. If
not resectable, median survival for biliary cancer is
approximately 6 months.2,4

Data regarding chemotherapy are disappoint-
ing, but new combinations show promise. ABC-02,
a randomized phase III study recently published by
Valle et al,5 enrolled more than 300 patients and
compared gemcitabine plus cisplatin with gemcitab-
ine alone. The median overall survival (OS) and
progression-free survival (PFS) were greater for
gemcitabine plus cisplatin than for gemcitabine
alone without significantly increased toxicity (OS:
11.7 v 8.2 months; log-rank P � .002; PFS: 8.5 v 6.5

JOURNAL OF CLINICAL ONCOLOGY O R I G I N A L R E P O R T

VOLUME 28 � NUMBER 21 � JULY 20 2010

© 2010 by American Society of Clinical Oncology 3491



months; log-rank P � .003).5 This drug combination set a new inter-
national standard of care for advanced biliary tract cancers.

Phase II trials showed activity among chemotherapeutic agents
including gemcitabine, platinum analogs, and capecitabine.6,7 A phase
II study by Knox et al8 demonstrated a response rate of 31% with
gemcitabine plus capecitabine, and an additional 42% of patients had
stable disease (SD). Other phase II studies explored the activity of
biologic agents. Philip et al9 suggested a benefit from the oral epider-
mal growth factor receptor (EGFR) inhibitor erlotinib (Tarceva, OSI-
774; OSI Pharmaceuticals, Melville, NY), with 8% of patients (3 of 36)
demonstrating a partial response (PR), 25% of patients (7 of 36) with
no progression at 6 months, and minimal therapy-related toxicity.
Vascular endothelial growth factor (VEGF) inhibitor bevacizumab
(Avastin; Genentech, South San Francisco, CA) demonstrated ef-
ficacy in a number of other solid tumors, including colorectal can-
cer, renal cell cancer, non–small-cell lung cancer, and metastatic breast
cancer.10-13 VEGF has been identified as overexpressed in biliary tract
cancers and has been suggested as a potential prognostic marker and
therapeutic target.14,15 The combination of bevacizumab and erlotinib
has been studied in phase I and II trials in metastatic breast, lung, and
hepatocellular cancers; no pharmacokinetic interaction between the
two agents was demonstrated.16-19 In colorectal malignancies, the
addition of anti-EGFR therapy with cetuximab to bevacizumab wors-
ened outcomes of PFS and quality of life.20 In vitro and murine models
have shown that EGFR agents downregulate VEGF production; the
combination of bevacizumab and erlotinib may be synergistic in
this regard.21-24

This study reports the results of a multi-institution phase II trial
of bevacizumab and erlotinib combination therapy for patients with
advanced biliary cancers. The objectives were to determine response
rate, time to progression (TTP), OS, and safety of this novel combina-
tion. Correlative analysis was performed to examine the effect of
bevacizumab on VEGF levels and evaluate EGFR mutations/polymor-
phisms as predictors of response. Descriptive analysis of the correlates
relative to antitumor effect was also explored.

PATIENTS AND METHODS

Patients were eligible if they had histologically or cytologically confirmed
cholangiocarcinoma or gallbladder carcinoma, either surgically unresectable
or metastatic at time of diagnosis. Disease had to be measurable by computed
tomography scan (� 1.0 cm by spiral computed tomography, � 2.0 cm by
conventional techniques), as assessed by Response Evaluation Criteria in Solid
Tumors (RECIST).25 No prior chemotherapy for advanced disease was al-
lowed, but adjuvant/neoadjuvant therapy was allowed. Additional inclusion
criteria included age � 18 years, Eastern Cooperative Oncology Group
(ECOG) performance status � 2, estimated life expectancy of � 3 months,
absolute neutrophil count � 1,500/�L, platelets � 75,000/�L, total biliru-
bin � 2� upper limit of normal (ULN), serum AST � 2.5� ULN, serum
ALT � 2.5� ULN, serum creatinine � 2 mg/dL, serum albumin � 2.5 g/dL,
alkaline phosphatase � 5� ULN, and 24-hour urine protein � 1,000 mg/24
hours if spot urine protein/creatinine ratio was abnormal. Use of anticoagu-
lants for other conditions was allowed, provided the dose of anticoagulants was
stable and the coagulation parameters were within acceptable limits. Written
informed consent was obtained from each patient. The protocol and informed
consent were reviewed by the Phase II Consortium and the institutional review
board at each registering institution.

Exclusion criteria included ampulla of Vater tumors, prior chemothera-
py or radiotherapy for biliary cancer, chemotherapy/radiotherapy within 4
weeks of enrollment (6 weeks for mitomycin or nitrosoureas), known sensi-

tivity to investigated agents or components, nonhealing wounds, impairment
of GI function that would alter the absorption of erlotinib, significant GI
bleeding � 3 months before registration, GI fistula/perforation in the pre-
vious � 28 days, recent invasive procedure, history of other malignancy,
evidence of CNS diseases/tumors, corneal abnormalities, and clinically
significant cardiovascular disease. HIV patients on antiretroviral therapy,
pregnant or breastfeeding women, or patients receiving CYP 3A4 inducers
were also excluded.

Treatment Plan

Patients were treated on a 28-day cycle. Bevacizumab was administered
intravenously at 5 mg/kg on days 1 and 15. Erlotinib was administered at 150
mg by mouth once daily on days 1 through 28. Treatment was continued until
disease progression, unacceptable adverse events, withdrawal of patient con-
sent, illness preventing additional administration of treatment, or a change in
condition rendering the patient unacceptable for additional treatment in the
investigator’s judgment. Adverse events were reported using the National
Cancer Institute Common Terminology Criteria for Adverse Events (ver-
sion 3.0).

Dose delays were allowed for adverse events in patients taking bevaci-
zumab, but dose reductions were not allowed by the protocol. Doses were held
for grade 3 infusion reactions, symptomatic hypertension, urine protein/cre-
atinine ratio�3.5, or grade 3 hemorrhage. For grades 1 to 3 infusion reactions,
premedications were administered with the next dose, and the patient was
closely monitored at the next administration. If venous thromboembolism
occurred, bevacizumab was stopped until a stable anticoagulation regimen was
administered. Bevacizumab was discontinued for any grade 4 adverse event.

Dose interruptions and reductions were allowed for erlotinib. Specifi-
cally, for grade 2 skin rashes, the dose was held until the rash resolved to grade
0 to 1; a dose reduction was not automatically mandated for the first grade 2
rash. Recurrent or intolerable grade 2 rashes required dose reduction by one
level. Grade 3 rashes required dose reduction by one level, and the dose was
held until resolution to grade 0 to 1. The first reduction was to 100 mg/d for
adverse events, and a second reduction to 50 mg/d was allowed. If patients
experienced additional toxicity at 50 mg/d, therapy was discontinued and the
patient was taken off study.

Patients were given pill diaries for erlotinib and asked to bring the pill
diary, their bottle, and any unused pills with them to each appointment, with a
new diary given with each new cycle of therapy. The patients were instructed to
take the medication on an empty stomach, either 1 or 2 hours before a meal.
Missed doses were allowed to be taken up to 12 hours late, and patients were
instructed not to double dose for missed doses.

Disease Assessment

All eligible patients who initiated treatment and had at least one post-
baseline disease assessment were evaluable for the primary end point. Tumor
response was assessed using RECIST, with re-evaluation every 8 weeks.25

Patients were re-evaluated for disease status 4 weeks after initial documenta-
tion of complete response (CR) or PR to confirm the assessment. Similarly, SD
was reassessed at a minimum interval of 8 weeks. Patients with global deteri-
oration of health status that required discontinuation of treatment without
objective evidence of disease progression at that time and that was not related
to study treatment or other medical conditions were considered to have
progressive disease (PD) due to symptomatic deterioration. For the primary
end point of the study, a confirmed tumor response was defined to be either a
CR or PR on two consecutive evaluations at least 4 weeks apart during the first
six cycles of treatment.

Duration of response was calculated from the first date of a patient’s
objective status of either CR or PR to the date of PD (or last tumor assessment).
Duration of SD was calculated from the date of registration to the date of PD
(or last tumor assessment if no PD) for patients having achieved a best re-
sponse of SD. Patients were censored for progression (survival) at their date of
last assessment (last contact) if no progression (death) occurred. Time to PD
was calculated from the date of registration to the date of PD. Survival or time
to death was calculated from the date of registration to the date of death. All
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patients were followed for a maximum of death or 3 years after registration,
whichever was earlier.

Molecular Analyses

Laboratory measures included the presence of EGFR mutations in tumor
tissue and measurement of VEGF serum levels. Analyses were performed on all
evaluable samples. For analysis of the EGFR mutation, cells were prepared by
laser capture microdissection and polymerase chain reaction size exclusion or
pyrosequencing. Deletions in exon 1 (EGFR variant vIII) 2235 to 2249, 2240 to
2251, and 2240 to 2257 were analyzed by amplifying the exon containing the
deletion and running the polymerase chain reaction product by capillary
electrophoresis. VEGF levels were measured by a commercially available sand-
wich immunoassay (Quantikine human VEGF; R&D Systems, Minneapo-
lis, MN).

Statistical Design

A two-stage Fleming phase II design, with no suspension for interim
analysis, was used to test whether there was sufficient evidence to determine
that the proportion of confirmed tumor responses was at least 25% (ie, war-
ranted additional study) versus 10% (ie, clinically inactive).26 Eligible patients
were considered evaluable for the primary end point if they had at least one
postbaseline disease assessment. Patients having died or progressed before
their first postbaseline assessment were still considered evaluable for the pri-
mary end point. Three confirmed responses in the initial 21 evaluable patients
warranted the expansion of enrollment to 50 patients. Nine confirmed re-
sponses among 50 evaluable patients was considered sufficient evidence of
promising activity to recommend additional testing of this regimen.
This design yielded 85% power at 0.04 level of significance to detect a
true response rate of 25%. CIs were calculated using the method of
Duffy and Santner.27 Unless otherwise specified, analyses were con-
ducted per protocol.

Summary statistics and frequency tables were used to summarize base-
line patient characteristics and adverse event rates. Adverse events were re-
ported as a maximum severity per patient and type across all cycles of
treatment. All attributions collected for adverse events were reported unless
otherwise noted. The Kaplan-Meier method was used to estimate the distribu-
tions of TTP and time to death. All analyses were conducted using SAS version
9.0 (SAS Institute, Cary, NC).28 Cox proportional hazard models were used to
evaluate associations with tumor progression and survival.29 Nonparametric
tests were used when the underlying distributional assumptions were not
satisfied. Laboratory measures were correlated with clinical and study end
points using frequency tables, logistic regression, and Cox proportional haz-
ards modeling. Two-sided P values were reported, and P � .05 was considered
statistically significant.

Table 1. Baseline Characteristics of Eligible Patients (N � 53)

Characteristic

Frequency

No. %

Age, years
Median 63
Range 31-87

Male sex 23 43
ECOG performance status

0 26 49
1 26 49
2 1 2

Primary tumor site
Intrahepatic cholangiocarcinoma 35 66
Extrahepatic cholangiocarcinoma 8 15
Gallbladder 10 19

Differentiation
Well 4 8
Moderate 16 31
Poor 8 15
Unknown 25 47

Previous radiotherapy 6 11
Site of previous radiotherapy�

Anterior 1 17
Gallbladder 2 33
Abdomen 1 17
Abdomen and liver 1 17
Spine 1 17

Previous systemic adjuvant cancer therapy 5 9
Type of previous systemic therapy�

Gemcitabine 1 20
Fluorouracil 2 40
Fluorouracil plus gemcitabine 1 20
Capecitabine 1 20

Any previous cancer 5 9
Type of previous cancer

Melanoma 1 20
Cervical 1 20
Nose 1 20
Uterine 1 20
Prostate 1 20

Registration location
University of Wisconsin (Madison, WI) 29 55
Mayo Clinic (Jacksonville, FL) 6 11
Mayo Clinic (Rochester, MN) 4 8
Washington University (St. Louis, MO) 4 8
Wayne State University (Detroit, MI) 4 8
National University Hospital (Singapore) 4 8
Royal Prince Alfred Hospital (Sydney , Australia) 1 2
Sir Charles Gairdner Hospital (Perth, Australia) 1 2

Race/ethnicity
White 48 91
Asian 5 9

Status of primary tumor
Resected with no residual 5 9
Resected with known residual 8 15
Unresected 38 72
Recurrent 2 4

Distant metastases
Median 1
Range 0-2

(continued in next column)

Table 1. Baseline Characteristics of Eligible Patients (N � 53) (continued)

Characteristic

Frequency

No. %

Sites of extrahepatic metastases�

Liver 13 25
Pleura and diaphragm 1 2
Nodal, peritoneum, duodenum, and gallbladder 1 2
Liver and peritoneum 2 4
Nodal 3 6
Nodal and liver 5 9
Nodal and bone 1 2
Bone and liver 1 2
Lung 1 2

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
�Patients are reflected once in each classification.

Bevacizumab and Erlotinib in Advanced Biliary Tract Cancer

www.jco.org © 2010 by American Society of Clinical Oncology 3493



RESULTS

Patient Characteristics

Fifty-six patients were enrolled between August 2006 and April
2008 at eight sites in the Phase II Consortium. The data are reported as
of November 2009. Three patients were ineligible after starting treat-
ment (brain metastases, alteration in pathologic diagnosis, colitis) and
were included in the toxicity analysis but not the primary end point
analysis. Median age was 63 years (range, 31 to 87 years). A majority of
patients were female (30 patients, 57%) and white (48 patients, 91%).
At study entry, 52 patients (98%) had a performance status of 0 or 1, 43
patients (81%) had cholangiocarcinoma, and 10 patients (19%) had
gallbladder cancer. Metastatic disease was seen in 58% of patients,
with the liver being the most common site of metastasis (13 patients;
Table 1).

Efficacy and Patient Outcome

Fifty-three patients completed a total of 327 cycles of treatment
(median, 4 cycles; range, 1 to 33 cycles). The primary end point was
confirmed tumor response. Forty-nine patients were evaluable for
assessing response. Nine patients achieved a best response of PR while
six patients (12%; 95% CI, 6% to 27%; five at University of Wisconsin
Carbone Cancer Center, one at Mayo Clinic [Rochester, MN]) had
prolonged responses confirmed 4 weeks after their initial response was
observed. Each PR was reviewed and confirmed by an independent
investigator. Twenty-five and 15 patients achieved a best response of
SD and PD, respectively. Among the six patients with confirmed PRs,
median duration of response was 8.4 months (95% CI, 6.0 to 11.7
months). At the time of data cutoff, three patients remained on study
medication, having received 18, 29, and 33 cycles of therapy. Eighty-
seven percent of patients progressed with a median time to disease
progression of 4.4 months (95% CI, 3.0 to 7.8 months). Median OS
was 9.9 months (95% CI, 7.2 to 13.6 months; Table 2, Fig 1).

Adverse Events

Grade 4 adverse events which were at least possibly related to
study treatment were experienced by four patients (8%), including
cerebral ischemia and thrombosis (two patients each). Fourteen
patients (27%) experienced grade 3 adverse events considered at
least possibly related, including rash/desquamation (three), anorexia
(three), fatigue (three), hyponatremia (three), nausea (three), ALT
(one), bilirubin (one), diarrhea (one), dizziness (one), hypertension
(one), nail changes (one), prothrombin time (one), and alkaline phos-
phatase (one). Details on toxicity are provided in Table 3. The most
common of these events included (number of patients experiencing
grade 1, 2, or 3): rash/desquamation (16, 21, three), diarrhea (15, six,
one), fatigue (18, six, two), nausea (seven, four, two), anorexia (six,
five, two), and oral mucositis (10, two, zero).

Two patients (4%) died during treatment of causes felt to be
unrelated to study treatment. A 79-year-old male died suddenly on
day 21 of the first cycle, experiencing grade 4 cerebral ischemia (pos-
sibly related) and grade 1 blood bilirubin increase (possibly related).
Bevacizumab was held on day 15. This death was considered unlikely
to be related to study treatment. A 69-year-old male died within 30
days of initiating treatment, possibly due to disease progression. Ad-
verse events before death included unrelated grade 3 anorexia, dys-
pnea, epigastric and back pain, and nausea; treatment-related grade 2

rash/desquamation combined; and unrelated grade 1 vomiting. This
patient received full doses of both study agents during treatment.

Correlative Data

Evaluable tissue was submitted from 26 patients, four of whom
had a confirmed response. Characteristics of this subset were compa-
rable to the larger study population in terms of age, sex, performance
status, and enrolling site. Fewer patients had gallbladder tumors (8% v
19%) or poorly differentiated tumors (4% v 15%) in the subset with
available tissue (Appendix Table A1, online only).

Mutation on EGFR vIII, � 16 C�A repeats for the EGFR intron
1 polymorphism, a G�G genotype measured by EGFR-Q787 single
nucleotide polymorphisms, and wild-type (ie, nonmutant) KRAS
measured by 38G primer I were hypothesized to be positively corre-
lated with patient outcome (ie, confirmed response, tumor progres-
sion, and survival). Although only four patients experienced a
confirmed response in this group and the results were not statistically
significant, the data appeared to be in the direction of our hypotheses

Table 2. Patient Outcomes (N � 53)

Outcome

Estimate

No. % Range 95% CI

Best objective response
Evaluable� 49 100
Too early/not evaluable 4
CR 0
PR 9 18
Stable disease 25 51
Disease progression 15 31
Confirmed CR/PR 6

Time to progression, months
Median† 4.4 3.0 to 7.8
Progressions 46
Progression-free, months

3 62 50-76
6 43 32-59
12 21 12-36
18 10 4-245
24 6 3-21

Survival, months
Median† 9.9 7.2 to 13.6
Deaths 44
Alive, months

3 87 78-96
6 70 59-83
12 40 28-55
18 19 10-35
24 16 8-32

Time to treatment failure, months
Median† 3.6 2.8 to 4.8
Failures 50
On study, months

3 59 47-73
6 32 22-48
12 11 5-24
18 6 2-17
24 6 2-17

Abbreviations: CR, complete response; PR, partial response.
�Eligible patients having begun treatment and having at least one post-

baseline disease assessment.
†Kaplan-Meier method.
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(Appendix Tables A2 and A3, online only), albeit with a limited
sample size. VEGF expression did not change significantly from base-
line between the responding and nonresponding patients (Appendix
Table A2 and Appendix Fig A1, online only).

Desirable results (responders v nonresponders) were most often
observed in patients having low repeats (� 16) for the EGFR intron 1
polymorphism (75% v 55%) or G�G K-ras Q38 genotype (100% v
82%). In univariate models, EGFR-Q787 genotype of G�G trended
toward lower hazard rates for TTP (hazard ratio [HR], 0.7; 95% CI, 0.3
to 2.0; P � .56) and survival (HR, 0.6; 95% CI, 0.2 to 1.7; P � .34),
although it was not statistically significant. VEGF 38Q genotype of
G�G (ie, nonmutant) may be associated with a lower hazard rate for
TTP (HR, 0.4; 95% CI, 0.1 to 1.4; P � .13). Conversely, EGFR vIII
mutation is suggestive of worsened TTP (HR, 2.0; 95% CI, 0.6 to 7.1;
P � .27) and survival (HR, 1.7; 95% CI, 0.5 to 6.1; P � .39; Appendix
Table A3).

DISCUSSION

The combination of bevacizumab and erlotinib produced nine PRs in
patients with biliary tract cancers, six of which were sustained (12%;
95% CI, 6% to 27%). When compared with that in other published
trials of combination chemotherapy, the confirmed PR plus SD
rate of 64% (31 of 49) is comparable with that for gemcitabine plus
capecitabine, gemcitabine plus oxaliplatin, and gemcitabine plus
cisplatin.5,7-9,30 In responders, the duration of best response for an
average of 7.6 months is similarly comparable to that in other pub-
lished trials. TTP and OS are also consistent with previously published
data as summarized in Appendix Table A4 (online only).

From the safety analysis, the majority of adverse effects were
grade 1 or 2. While there were two deaths on study and four patients
with grade 4 toxicity, the regimen was not associated with prolonged
neutropenia or GI adverse effects. The results of this trial suggest that a
biologic-only combination of bevacizumab and erlotinib has activity
in biliary tract cancers and demonstrates a different adverse event
profile that merits additional exploration.

The molecular analyses performed in this study suggest that
patients whose tumors have mutations in EGFR vIII, or have non–
wild-type k-ras may be less likely to respond to erlotinib therapy.
These findings are consistent with trials in lung cancer and colon

cancer relative to k-ras mutants and EGFR-based biologic therapy.31,32

Similar trials have been published in abstract form in biliary tract
cancer relative to the use of cetuximab, but they did not demonstrate
any difference between PFS/OS or response to cetuximab.33 Addi-
tional exploration into the EGFR pathway as a potential therapeutic
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Fig 1. Time to progression and overall survival.

Table 3. Maximum Severity of Adverse Events (N � 53)

Adverse Event

Grade

1 2 3 4

Hematologic
Thrombocytopenia 5 2 0 0
Leukopenia 2 2 0 0
Neutropenia 0 1 0 0

Hepatic
ALT 3 2 1 0
AST 5 3 0 0
Bilirubin 4 1 2 0

Infection/febrile neutropenia
Nail bed infection 0 1 0 0
Urinary tract infection 0 1 0 0
Infection 1 0 0 0

Metabolic/laboratory
Hyponatremia 1 0 2 0
Alkaline phosphatase 1 1 1 0

Neurologic
Ischemia-cerebral 0 0 0 2
Dizziness 0 0 1 0

Ocular/visual
Conjunctivitis 0 1 0 0
Dry eye 0 2 0 0

Pain
Abdominal 1 2 0 0
Chest 0 1 0 0
Stomach 0 1 0 0

Pulmonary
Cough 0 1 0 0
Voice change 0 1 0 0
Pneumothorax 0 1 0 0
Proteinuria 4 1 0 0

Cardiovascular
Hypertension 6 3 1 0
Thrombosis 0 0 0 2

Coagulation
Prothrombin time 0 0 1 0

Constitutional symptoms
Fatigue 18 6 2 0
Weight loss 3 4 0 0

Dermatology/skin
Acne, not otherwise specified 3 6 0 0
Alopecia 4 2 0 0
Rash/desquamation 16 21 3 0
Dry skin 8 7 0 0
Nail changes 4 1 1 0

GI
Anorexia 6 5 2 0
Constipation 5 2 0 0
Dehydration 1 1 0 0
Diarrhea 15 6 1 0
Nausea 7 4 2 0
Stomatitis/pharyngitis 10 2 0 0
Vomiting 5 2 0 0

NOTE. Adverse event grade according to National Cancer Institute Common
Terminology Criteria for Adverse Events v.3. Events reported are considered
at least possibly related to study treatment.
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target is warranted, particularly in patients with intron 1 polymor-
phism and Q787 genotype.

Shortcomings of this combination (bevacizumab and erlotinib)
include a lack of demonstrable improvement in OS compared with
that of historical controls, a problem plaguing many trials in biliary
tract cancers. The trial included both cholangiocarcinoma and gall-
bladder cancer; historically, gallbladder cancers have had poorer
prognoses, potentially underestimating disease-free survival.34 The
relatively few gallbladder cases in the trial may mitigate that estima-
tion. Additionally, this combination is associated with significant cost.
On the basis of prior cost analyses in other tumor types and on pricing
effective October 2009, this regimen would cost nearly $10,000/month
(estimating �$5,000/month for bevacizumab and $4,500 for erlo-
tinib).35,36 We did not perform a cost analysis on this trial, but the
expense of this combination could be explored relative to the cost of
combinations of gemcitabine plus platinum.

In conclusion, the biologic-only combination of bevacizumab
and erlotinib has demonstrable activity in advanced biliary tract can-
cers with few grade 3 or 4 adverse events. Given the demonstrated
efficacy and safety profile, we believe that this combination could be
additionally explored in future trials as a combination with gemcitab-
ine plus cisplatin, an alternative first-line regimen or a salvage regimen
after progression on standard cytotoxic therapy.
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7. André T, Tournigand C, Rosmorduc O, et al:
Gemcitabine combined with oxaliplatin (GEMOX) in
advanced biliary tract adenocarcinoma: A GERCOR
study. Ann Oncol 15:1339-1343, 2004

8. Knox JJ, Hedley D, Oza A, et al: Combining
gemcitabine and capecitabine in patients with ad-
vanced biliary cancer: A phase II trial. J Clin Oncol
23:2332-2338, 2005

9. Philip PA, Mahoney MR, Allmer C, et al:
Phase II study of erlotinib in patients with advanced
biliary cancer. J Clin Oncol 24:3069-3074, 2006

10. Sandler A, Gray R, Perry MC, et al: Paclitaxel-
carboplatin alone or with bevacizumab for non-small-
cell lung cancer. N Engl J Med 355:2542-2550, 2006

11. Hurwitz H, Fehrenbacher L, Novotny W, et al:
Bevacizumab plus irinotecan, fluorouracil, and leuco-

vorin for metastatic colorectal cancer. N Engl J Med
350:2335-2342, 2004

12. Yang JC, Haworth L, Sherry RM, et al: A
randomized trial of bevacizumab, an anti-vascular
endothelial growth factor antibody, for metastatic
renal cancer. N Engl J Med 349:427-434, 2003

13. Miller K, Wang M, Gralow J, et al: Paclitaxel
plus bevacizumab versus paclitaxel alone for meta-
static breast cancer. N Engl J Med 357:2666-2676,
2007
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37. André T, Reyes-Vidal JM, Fartoux L, et al:
Gemcitabine and oxaliplatin in advanced biliary tract

carcinoma: A phase II study. Br J Cancer 99:862-
867, 2008

38. Kim HJ, Lee NS, Bae SB, et al: A phase II
study of gemcitabine in combination with oxaliplatin
as first-line chemotherapy in patients with inopera-
ble biliary tract cancer. Cancer Chemother Pharma-
col 64:371-377, 2009

39. Santini D, Vincenzi V, Vasile E, et al: Fixed
dose rate (FDR) gemcitabine (G) and capecitabine
(C) in patients with metastatic biliary tract cancer
(BTC): Final results of phase II trial. J Clin Oncol 27,
2009 (suppl; abstr e15510)

40. Zhu A, Meyerhardt J, Blaszkowky L, et al:
Phase II and fluorodeoxyglucose positron emission
tomography (FDG-PET) study in patients with ad-
vanced biliary tract cancers (BTCs) receiving bevaci-
zumab (B) in combination with gemcitabine (GEM)
and oxaliplatin (OX). J Clin Oncol 27:221s, 2009
(suppl; abstr 4578)

41. Nakamura K, Yamaguchi T, Sudo K, et al: A
phase II trial of oral S-1 combined with gemcitabine
in patients with unresectable biliary tract cancer.
J Clin Oncol 27, 2009 (suppl; abstr e15527)

■ ■ ■

Beginning with the January 2010 issue, full text for all JOP articles will be available on the NIH PubMed Central archive 
4 months after publication.  Once available, content is then delivered to PubMed, a metadata repository overseen by the 
National Library of Medicine and used by many scientific, technical, and medical researchers, making JOP material 
discoverable in PubMed for the first time.

Find yourself in PubMed. Submit your manuscript to JOP at jopsubmissions@asco.org.

Journal of Oncology Practice Now Available on PubMed Central

Bevacizumab and Erlotinib in Advanced Biliary Tract Cancer

www.jco.org © 2010 by American Society of Clinical Oncology 3497


